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SUMMARY
The enveloped mycoplasmaviruses, MV-Lg-L172 and MVL2, were purified from the culture filtrates of infected Acholeplasma laidlawii strains by precipitation with polyethylene glycol followed by centrifugation in metrizamide gradients. Purified viruses were found to contain lipids by thin-layer chromatography. The total lipid content of the two viruses was estimated to be 10 to 12% of the dry wt. of purified virus. Isotopic labelling with inorganic 32p and 1-t4C-oleic acid revealed the presence of phospholipids, glycolipids and phosphoglycolipids, similar to those found in the host cells. The fatty acid composition of the two viruses and their hosts were investigated by gas-liquid chromatography and found to be nearly identical. Virus-infected cells exhibited a slight increase in ratio of diglucosyl diglyceride to monoglucosyl diglyceride relative to uninfected cells. Viral glycolipid ratios more closely approximated those found in uninfected cells.
The MVL2 virus was isolated by Gourlay (1971) and shown to be sensitive to detergents and organic solvents, and to possess a low buoyant density (1.19 g/ml) (Gourlay et al., 1973) . Electron micrographs have shown that the virus particle is spherical and enveloped (Gourlay et al., 1973) . MVL2 has been found to contain supercoiled circular double-stranded DNA (Lombardi & Cole, 1979; . Greenberg & Rottem (1979) in a study of the lipid composition of MVL2 found that the amount of phosphatidyl glycerol in the virus is lower than that in the host cells. Putzrath & Maniloff (see Maniloff et al., 1979) found that MVL2 viral membrane fatty acid composition and the thermal transition temperature are similar to those of the cell on which the virus is propagated. Liska (1972) isolated a virus from Acholeplasma laidlawii strain $2. It was designated MV-Lg-Ps2-L172 but is known commonly as MV-Lg-L 172. By electron microscopy it is spherical, enveloped, variable in size (50 to 90 nm) (Liska & Tkadlecek, 1975) , and contains double-stranded DNA (Drasil et al., 1979) . Recently, a comparative study indicated that both viruses are sensitive to heat, Nonidet P40 and ether, suggesting that both viruses contain lipid (Gourlay et al., 1979) . They differ in plaque inhibition and serum neutralization tests. It was proposed that both viruses be placed in a new family of bacterial viruses, the plasmaviridae, of which MVL2 is the representative virus (Gourlay et aL, 1979) . This paper describes the comparative lipid composition of MV-Lg-L 172 and MVL2 viruses.
The viruses, MV-Lg-L172 and MVL2, were propagated and assayed in early exponentialphase cultures of A. laidlawii strains $2 and JA1 respectively, grown in tryptose broth (Difco) supplemented with i % glucose, 1% PPLO serum fraction (Difco) and 1% sterile phenol red (final concentration 0.001%) pH 7.8. To obtain a fresh inoculum consisting mostly of young, actively growing cells, A. laidlawii strains were propagated as described by Liska & Smith (1974) . Two-hundred ml [about l0 s colony-forming units (c.f.u.)/ml] from overnight cultures were used to inoculate 2 1 of medium. Cells were allowed to grow for several hours until they changed the indicator to a reddish-orange colour (pH 7.3) and were then infected with the virus stock culture at a multiplicity of infection (m.o.i.) of 1. The cultures were allowed to grow for 8 h, after which the viruses were harvested as described 0022-1317/81/0000-4553 $02.00 ©1981SGM below. Radioactively labelled viruses were obtained by propagation of the virus on A. laidlawii (indicator host) in the presence of 32p-phosphate (2-5/tCi/ml) and 1-14C-oleic acid (2.5 gCi/100 ml).
To purify the viruses, the cells were pelleted by centrifugation at 16 000 g for 10 min, and the virus-containing supernatant fluid was passed through a 0.22 ~ membrane filter (A1-Shammari & Smith, 1980) . After overnight concentration with 10% (w/v) polyethylene glycol (PEG) 6000 and 2.9 % (w/v) NaCI, the virus was layered on to the top of a preformed linear gradient (20 to 60%) of metrizamide and centrifuged in a swinging bucket rotor (Beckman SW39L) for 17 h at 60 000 g. The visible sharp virus band was collected, dialysed against tris buffer pH 7.4, and then further concentrated by centrifugation at 39 000 g for 3.5 h to produce a pellet of purified virus.
Lipids were extracted from the pellets of purified viruses with chloroform:methanol (2: 1, v/v) as described previously (A1-Shammari & Smith, 1979 ). An identical preparative method with MVL3 virus failed to detect any lipid, indicating that MVL2 and MV-Lg-L172 do not get contaminated with host cell lipid. A chloroform-methanol extraction was also performed on both infected and uninfected cells, and from A. laidlawii B which was used as a reference for identification of the lipids. Total lipid content, determined gravimetrically after drying to constant wt. at room temperature under a stream of N 2, was estimated to be 10 to 12 % of the total dry wt. Lipid classes were separated on thin layers of silica gel H developed in organic solvents (A1-Shammari & Smith, 1979) . The positions of individual lipids were visualized by exposing plates to iodine vapour. Radioactivity was quantified by scraping the appropriate areas of silica gel plates into vials and counting in a Packard Tri-Carb liquid scintillation spectrometer. Lipids were also located by use of specific reagents and identified as described previously (Shaw et al., 1968 (Shaw et al., , 1972 Smith, 1972) . Lipids of these viruses contained phospholipids, glycolipids and phosphoglycolipids (Table 1 ). The comparative patterns of phosphorus-containing lipids from both viruses and hosts are shown in the autoradiograph (Fig. 1) . Neutral lipids were not detected because of small amounts of virus used but probably occurred in trace quantities. The viruses and the host cells were shown to possess the same lipid species. There was no significant difference between the viruses and between the viruses and their host cells in the relative amounts of phospholipids. Table 1 also shows the absence of any major differences in the relative amounts of phospholipids from infected and uninfected host cells.
The glycolipids of MV-Lg-L172 and MVL2 viruses revealed the presence of four major radiolabelled spots. All charred positive for carbohydrate with 50% methanolic sulphuric acid. Although the viruses and the host cells possessed the same species of glycolipids, there was a relative difference in distribution between the infected and uninfected host cells on the one hand and between the viruses and host cells on the other (Table 1 ). The major difference between infected and uninfected host cells was a lesser quantity of monoglucosyl diglyceride in the infected cells. This lower content could be brought about by virus disruption of membrane biosynthesis. In A. laidlawii, monoglucosyl diglyceride is a direct biosynthetic precursor of diglucosyl diglyceride and the transfer enzyme is membrane-associated (Smith, 1969) .
The fatty acid compositions of these viruses were identified as their methyl-esters by gas-liquid chromatography on polar and apolar columns (A1-Shammari & Smith, 1979) . They show a similar composition to those of host cells. Furthermore, those fatty acids present in both the viruses and host cells were the usual ones found in the acholeplasmas.
Evidence presented here shows that both MV-Lg-L 172 and MVL2 viruses contain lipids as determined by labelling with 32P-phosphate and 14C-oleic acid and by chromatographic methods. Greenberg & Rottem (1979) obtained some different results. They reported lower amounts of phosphatidyl glycerol in MVL2 in contrast to the host cell. In addition, they did not find any difference in the molar ratio of the glycolipids between infected and uninfected cells. At present, there is no explanation for this discrepancy other than the possibility of procedural variations.
The data reported here indicate that, like enveloped mammalian viruses (Klenk & Choppin, 1969) , there is no selectivity in lipid uptake with the virus merely utilizing a
